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57 ABSTRACT 
In a planetary gear set, a pinion shaft extending through 
one of planetary pinions has one and opposite end por 
tions supported by two spaced plate portions of a car 
rier. Needle bearings are disposed between the pinion 
and the pinion shaft. Pinion washers extend around the 
piston shaft and radially between the pinions and the 
adjacent plate portions of the carrier. In order to with 
stand a thrust which the needle bearings are subjected 
to, the pinion washers have integral portions extending 
axially into spaces defined between the pinion, the nee 
dle bearings and the spaced plate portions of the carrier. 
Alternatively, the pinion shaft may have integral por 
tions extending radially into the spaces. 

4 Claims, 3 Drawing Sheets 

  



U.S. Patent Oct. 18, 1994 Sheet 1 of 3 5,356,352 

FG1 
48 || 6 

46 38 IO 32 
O 

36 

44 

FG 3 

  



U.S. Patent oct. 18, 1994 Sheet 2 of 3 5,356,352 

  



U.S. Patent Oct. 18, 1994 Sheet 3 of 3 5,356,352 

  



5,356,352 
1. 

BEARNG ARRANGEMENT FOR A PLANET 
PINION 

BACKGROUND OF THE INVENTION 
The present invention relates to a planetary gear set. 
A known planetary gear set comprises a sun gear, a 

pinion carrier and a ring gear. The pinion carrier rotat 
ably supports a plurality of pinions, each in mesh with 
the sun and ring gears. In order to support the pinions, 
a pinion shaft extends through each of the pinions and 
has one and opposite end portions fixedly supported by 
axially spaced plate portions of the carrier, and needle 
bearings are disposed between the pinion and the pinion 
shaft. There is a growing demand for miniaturization of 
planetary gear sets. To meet this growing demand, 
difficulty has been experienced in constructing gear sets 
which can withstand the thrust to which the needle 
bearings are subjected upon rotation of the associated 
pinion. This is because the use of an O-ring within a 
narrow space available for withstanding the thrust re 
sults in generation of heat. Thus, the use of O-ring is 
impractical. 
An object of the present invention is to construct a 

planetary gear set which can withstand the thrust to 
which the needle bearings are subjected without any 
substantial generation of heat. 

SUMMARY OF THE INVENTION 
According to the present invention, a planetary gear 

set is provided with: 
a pinion having one and opposite axial ends; 
a carrier; 
a pinion shaft extending through said pinion and hav 

ing one and opposite end portions supported by said 
carrier; 

a needle bearing disposed between said pinion and 
said pinion shaft; 

pinion washer means extending around said pinion 
shaft and between each of said one and opposite axial 
ends of said pinion and the adjacent portion of said 
carrier, said pinion washer means being operable to 
withstand a thrust which said pinion is subjected to; 
means integral with one of said pinion shaft and said 

pinion washer means for withstanding the thrust to 
which said needle bearing is subjected. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a fragmentary view of a planetary gear set 

showing in section how a pinion is supported on a pin 
ion shaft; 

FIG. 2 is an enlarged fragmentary section of a pinion 
washer illustrated in FIG. 1; 
FIG. 3 is a similar view to FIG. 2 showing a modifi 

cation of a pinion washer; 
FIG. 4 is a similar view to FIG. 1 showing another 

embodiment of a planetary gear set; 
FIG. 5 is a similar view to FIG. 1 showing still an 

other embodiment of a planetary gear set; 
FIG. 6 is an enlarged fragmentary view of a pinion 

washer illustrated in FIG. 5; and 
FIG. 7 is a similar view to FIG. 6 showing a modifi 

cation thereof. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, there is shown an upper half of 
a pinion 10 with a gear to be engaged therewith re 
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2 
moved. The pinion 10 has one or first axial end 12 and 
the opposite or second axial end 14. A pinion carrier 16 
is fragmentary shown and includes two axially spaced 
plate portions 18 and 20. A pinion shaft 22 extends 
through the pinion 10 and has one or first end portion 24 
fixedly supported by the plate portion 18 of the carrier 
16 and the opposite or second end portion 26 fixedly 
supported by the plate portion 20 of the carrier 16. 
Disposed between the pinion 10 and the pinion shaft 22 
are a plurality of needle bearings 28. Extending around 
the pinion shaft 22 are pinion washers 30 and 32. The 
pinion washer 30 extends radially between the first axial 
end 12 of the pinion 10 and the adjacent plate portion 18 
of the carrier 16. Similarly, the pinion washer 32 ex 
tends radially and between the second axial end 14 of 
the pinion 10 and the adjacent plate portion 20 of the 
carrier 16. The pinion washer 30 has an integral portion 
34 extending into a space 38 defined between the pinion 
10, the needle bearings 28, the pinion shaft 22 and the 
adjacent plate portion 18 of the carrier 16. Similarly, the 
pinion washer 32 has an integral portion 36 extending 
into a space 40 defined between the pinion 10, the nee 
dle bearings 28, the pinion shaft 22 and the adjacent 
plate portion 20 of the carrier 16. As readily seen from 
FIG. 2, each of these integral portions 34 and 36 is a 
laminated sleeve-like structure formed by turning an 
inner peripheral portion of the pinion washer. The inte 
gral portions 34 and 36 of the pinion washers 30 and 32 
are provided with thrust acting faces 42 and 44 ar 
ranged to slidably contact with the adjacent ends of the 
needle bearings 28. Disposed between the pinion 
washer 30 and the first axial end 12 of the pinion 10 is a 
washer 46. Similarly, a washer 48 of the same type is 
disposed between the pinion washer 32 and the second 
axial end 14 of the pinion 10. The pinion washers 30 and 
32 are made of a material hard enough so that they can 
serve as a race of the needle bearings 28. 
Upon rotation of the pinion 10, the needle bearings 28 

are subjected to the thrust. The integral portions 34 and 
36 of the pinion washers 30 and 32 withstand this thrust. 
It will be appreciated that the integral portions 34 and 
36 are of the laminated structure and thus provide struc 
tural rigidity high enough to withstand the thrust. Since 
the integral portions 34 and 36 are inserted between the 
pinion 10 and the pinion shaft 16, tilting of the pinion 
washers 30 and 32 is prevented, providing increased 
performance in withstanding the thrust to which the 
pinion 10 is subjected. 

FIG. 3 shows a modification of a pinion washer 50. 
This modified pinion washer 50 is substantially the same 
as the pinion washer 32 except for the increased thick 
ness required to provide a structural rigidity as high as 
the laminated structure of the integral portion 36 of the 
pinion washer 32. 

Referring to FIG. 4, another embodiment of a plane 
tary gear set is described. This embodiment is different 
from the embodiment illustrated in FIG. 1 in that a 
pinion shaft 60 has a reduced diameter middle portion 
62 between one or first end portion 64 and the opposite 
or second end portion 66, and pinion washers 68 and 70 
are not formed with integral portions to withstand the 
thrust to which needle bearings 28 are subjected. Ac 
cording to this embodiment, the needle bearings 28 are 
disposed between the end portions 64 and 66 of the 
pinion shaft 60. The end portions withstand the thrust to 
which the needle bearings 28 are subjected. Specifi 
cally, a radially extending shoulder 72 between the end 
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portion 64 and the reduced diameter middle portion 62 
and a radially extending shoulder 74 between the end 
portion 66 and the reduced diameter middle portion 62 
are thrust acting faces, respectively. Similarly to the 
embodiment shown in FIG. 1, a washer 46 is disposed 
between the pinion washer 68 and the one axial end 12 
of a pinion 10 and another washer 48 is disposed be 
tween the pinion washer 70 and the opposite axial end 
14 of the pinion 10. 

Referring to FIG. 5, still another embodiment of a 
planetary gear set is described. This embodiment is 
substantially the same as the embodiment illustrated in 
FIG. 1 except that pinion washers 30 and 32 have at 
tached thereto bearing members 76 and 78 which are 
arranged to slidably contact with one and the opposite 
axial ends 12 and 14 of a pinion 10. FIG. 6 shows in a 
magnified scale the pinion washer 32 with the bearing 
member 78. According to this embodiment, the washer 
46 and 48 are not required. 
FIG. 7 shows a modification of a pinion washer 80. 

This modified pinion washer 80 is substantially the same 
as the pinion washer 32 shown in FIG. 6 except for the 
increased thickness required to provide a structural 
rigidity as high as the laminated structure of an integral 
portion 36 of the pinion washer 32 shown in FIG. 6. 
From the previously described embodiments, it will 

now be appreciated that no O-rings are required to 
withstand the thrust to which the needle bearings 28 are 
subjected since the pinion washers 30, 32, 50 and 80 
have integral portions to withstand the thrust to which 
the needle bearings are subjected or the pinion shaft 60 
has integral portions 64 and 66 to withstand the thrust. 
Thus, generation of heat owing to frictional contact of 
the O-rings with the adjacent pinion washers is elimi 
nated. This causes a reduction in generation of heat 
during rotation of the pinion 10. 
What is claimed is: 
1. A bearing arrangement for a planet pinion, said 

arrangement comprising: 
a pinion having first and second opposite axial ends; 
a carrier; 
a pinion shaft extending through said pinion and hav 
ing first and second opposite end portions sup 
ported by said carrier; 

a needle bearing disposed between said pinion and 
said pinion shaft and supporting said pinion for 
rotation about said pinion shaft; and 

a first pair of pinion washers, a first one being dis 
posed between said first axial end of said pinion and 
the adjacent portion of said carrier, and a second 
one being disposed between said second axial end 
of said pinion and the adjacent portion of said car 
rer, 

each of said pair of pinion washers having an integral 
sleeve-like structure extending into a space defined 
between said pinion, said needle bearing and said 
pinion shaft, and having a thrust acting face ar 
ranged to slidably contact with an adjacent axial 
end of said needle bearing; 

wherein said sleeve-like structure includes an inner 
peripheral portion of each of said pair of pinion 
washers, said inner peripheral portion being bent 
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4 
towards said needle bearing and being further bent 
back over itself. 

2. A bearing arrangement for a planet pinion, said 
arrangement comprising: 

a pinion having first and second opposite axial ends; 
a carrier; 
a pinion shaft extending through said pinion and hav 

ing first and second opposite end portions sup 
ported by said carrier; 

a needle bearing disposed between said pinion and 
said pinion shaft and supporting said pinion for 
rotation about said pinion shaft; 

a first pair of pinion washers, a first one being dis 
posed between said first axial end of said pinion and 
the adjacent portion of said carrier, and a second 
one being disposed between said second axial end 
of said pinion and the adjacent portion of said car 
rer, 

each of said pair of pinion washers having an integral 
sleeve-like structure extending into a space defined 
between said pinion, said needle bearing and said 
pinion shaft, and having a thrust acting face ar 
ranged to slidably contact with an adjacent axial 
end of said needle bearing; and 

a second pair of washers, a first one being disposed 
between said first axial end of said pinion and said 
first one of said first pair of pinion washers, and a 
second one being disposed between said second 
axial end of said pinion and said second one of said 
first pair of pinion washers. 

3. A bearing arrangement according to claim 2, 
wherein said second pair of washers are disposed on 
said sleeve-like structures, respectively. 

4. A bearing arrangement for a planet pinion, said 
arrangement comprising: 

a pinion having first and second opposite axial ends; 
a carrier; 
a pinion shaft extending through said pinion and hav 

ing first and second opposite end portions sup 
ported by said carrier; 

a needle bearing disposed between said pinion and 
said pinion shaft and supporting said pinion for 
rotation about said pinion shaft; 

a first pair of pinion washers, a first one being dis 
posed between said first axial end of said pinion and 
the adjacent portion of said carrier, and a second 
one being disposed between said second axial end 
of said pinion and the adjacent portion of said car 
rer, 

each of said pair of pinion washers having an integral 
sleeve-like structure extending into a space defined 
between said pinion, said needle bearing and said 
pinion shaft, and having a thrust acting face ar 
ranged to slidably contact with an adjacent axial 
end of said needle bearing; and 

a pair of bearing members, a first one being disposed 
between said first axial end of said pinion and said 
first one of said first pair of pinion washers, and a 
Second one being disposed between said second 
axial end of said pinion and said second one of said 
first pair of pinion washers. 
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